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introduction
Buddleja is a genus with pan tropical distribution that occurs on South Asia, Africa and America. 1 The flowers, leaves and roots of various species of Buddleja are used in traditional medicine in several parts of the world, evidencing the importance of this genus. 2 Various bioactivities, including antimicrobial activity against Staphylococcus aureus, anti-rheumatic, anti-hepatotoxic, antifungal and antiprotozoal properties of crude extracts fractions or isolates compounds from this genus were reported. 3 The leaves of a number of species of Buddleja are statement to be applied topically as a poultice or lotion for healing of wounds. 4 Buddleja thyrsoides Lam., commonly known as "Barbasco" or "Cambará" belongs to the Scrophulariaceae family. It is a perennial herbaceous plant widely distributed in Southern of South America. In Brazilian folk medicine, leaves and flowers of this plant are taken by drinking an infusion made with hot water (tea) for the treatment of bronchitis and cough. 5 The plant is still unknown on the chemical and pharmacology point of view, and no phytochemical study have been carried out on this species.
In the present study the crude extract and different B. thyrsoides extract partitions were evaluated regarding their antimicrobial activities, phenolic contents and free radical scavenger capacity. The antimicrobial properties of the crude extract and dichloromethane, ethyl acetate and n-butanolic fractions were tested against various microorganism including Gram-negative and Gram-positive bacteria, the yeasts Candida albicans and Candida glabrata, the fungi Saccharomyces cerevisae and the algae Prototheca zopfii using the broth microdilution method to achieve the Minimal Inhibition Concentration (MIC) and the Minimal Microbicidal Concentration (MMC), Minimal Fungicidal Concentration (MFC) and Minimal Algaecidal Concentration (MAC). The scavenging capacity of the crude extract and fractions of the plant were evaluated through the DPPH method and correlated to their total phenolic contents.
exPerimental instruments, chemicals and general procedures
All the chemicals were of analytical grade. Solvents for the extractions, L-ascorbic and pyrogallic acids were purchased from Merck (Darmstadt, Germany). Folin-Ciocalteau phenol reagent 2 N and DPPH radical (1,1-diphenyl-2-picrylhydrazyl) were acquired from Sigma Chemical Co. (St. Louis, MO, USA). Spectrophotometric analysis was carried out on SHIMADZU-UV-1201, Kyoto, Japan. UV spectra of ethyl acetate and butanolic fractions (200 to 600 nm) were recorded in MeOH. Thin layer chromatography (TLC) were performed on silica gel GF 254 (Merck) using the following eluents: EtOAc:MeOH:i-prOH:H 2 O:acetic acid (7:1:2.5:0.2) and MeOH:H 2 O:EtOAc (16.5:13.5:100). Spots were detected under UV light and spraying with anisaldehyde:H 2 SO 4 reagent and heat at 110 ºC for 10 min. Authentic sample of verbascoside was obtained from Lippia alba.
Plant material
Leaves of Buddleja thyrsoides were harvested in São Luiz Gonzaga, State of Rio Grande do Sul, Brazil, on July of 2006. Samples of the collected material were identified by Botanist Dr. Thais do Canto-Dorow and archived as voucher specimens in the herbarium of Department of Biology at Federal University of Santa Maria by register number SMDB 10125.
extraction and partition of the leaves
Air dried and powdered leaves of Buddleja thyrsoides (420 g) were extracted with ethanol (70%) at room temperature for 7 days with daily agitation. After filtration, the extract was evaporated under reduced pressure to remove the ethanol in order to obtain a water suspension that was sequentially extracted at room temperature with dichloromethane, ethyl acetate and n-butanol (3 x 100 mL for each solvent), yielding dichloromethane (13.06 g, 3.11%), ethyl acetate (12.85 g, 3.06%), and n-butanol (21.55 g, 5.13%) soluble fractions respectively. A new amount of the same batch of plant material (100 g) was extracted with ethanol (70%) at room temperature for seven days to afford the crude extract (11.7 g, 11.7%) used in this study.
identification of verbascoside
Approximately 1 g of n-butanol-soluble fraction was subject to chromatographic column (cc) over silica gel 60G (Merck) eluting with EtOAc:MeOH:i-prOH:H 2 O:acetic acid (7:1:2.5:0.2). Twentyfive fractions were collected (F1-F25) and analyzed by TLC using the same system described above. Analogous fractions were pooled together and a new sub-fraction 4 (F-4) was subject to a second cc in the same conditions described above to afford impure verbascoside (38.6 mg) as a main constituent. Identification was performed by direct comparison with authentic sample of verbascoside by TLC.
radical-scavenging activity -dPPH assay
The antioxidant activity of the crude extract and fractions was evaluated by monitoring its ability in quenching the stable free radical DPPH, according to a slightly modified method. 6 Spectrophotometric analysis was used to measure the free radical scavenging capacity (RSC) and to determine the scavenging concentration (SC 50 ) of the crude extract and fractions. The DPPH quenching ability was expressed as SC 50 (the concentration required to inhibit radical formation by 50%). Six different ethanol dilutions of each fraction (2.5 mL), at 250, 125, 62.5, 31.25, 15.62 and 7.81 μg mL -1 were mixed with 1.0 mL of a 0.3 mM DPPH ethanol solution. Ethanol (1.0 mL) plus plant extract solution (2.5 mL) was used as a blank. The absorbance was measured at 518 nm by UV-VIS spectrophotometer after 30 min of reaction at room temperature. The radical was prepared daily and protected from light. Relative activities were calculated from the calibration curve of L-ascorbic acid, gallic acid and rutin standard solutions working in the same experimental conditions. Scavenging capacity in percent (SC%) was calculated in following way, according to the equation: SC% = 100 − [ (Abs sample -Abs blank ) x 100 / Abs control where Abs sample is the absorbance of the test compound and Abs control is the absorbance of the control reaction (containing all reagents except the test compound). SC% was plotted against sample concentration, and a linear regression curve was established in order to calculate the SC 50 . Tests were carried out in triplicate. Correlation coefficients were optimised.
determination of total polyphenol content
The crude extract and the fractions (0.5 g of each) were dissolved in 10 mL of ethanol and the volume adjusted to 100 mL with water. An aliquot of 3 mL of each solution was dissolved in 100 mL of water. Final concentration of each fraction was 0.15 mg mL -1 . The total polyphenol concentration in crude extract and fractions was measured spectrophotometrically as described by modified Folin-Ciocalteau method.
7 Briefly, 0.5 mL of 2 N Folin-Ciocalteau was added to a 1 mL of each sample (0.15 mg mL -1 ), and this mixture was allowed to stand for 5 min before the addition of 2 mL of 20% Na 2 CO 3 . The solution was then allowed to stand for 10 min before reading at 730 nm in a spectrophotometer. The estimation of phenolic compounds in the crude extract and fractions was carried out in triplicate. The total polyphenol content was expressed as milligram equivalents of pyrogallic acid per gram of dry fraction. ) in DMSO. Bacteria were inoculated into Mueller-Hinton agar and, after overnight growth; four or five colonies were directly suspended in saline solution so that the turbidity matched the turbidity of the McFarland standard (≈10 8 cfu/mL). By further progressive dilutions with the test medium, the required concentrations were obtained. The suspension was diluted by 1:100 in saline followed by a new dilution of 1:20 in Mueller-Hinton broth, resulting in a final inoculum concentration of 5× 10 4 cfu per well. Yeasts like fungi were inoculated into potato dextrose agar. Tests were performed in sterile U-botton 96-well plates. The first column of the plates was reserved for negative control wells (without inoculants) and the last column, for the positive growth control wells (without antimicrobial agents). The plates were incubated at 35 °C for 24 h for bacteria and Candida; 72 h for S. cerevisae. Growth or a lack thereof in the antimicrobial agent containing wells was determined by comparing with the growth control, indicated by turbidity. The lowest concentration that completely inhibited visible growth of the organism was recorded as the MIC. Subcultures were made from the clear wells which did not show any growth after incubation during the MIC assays on Muller-Hinton agar for bacteria and Saboraund agar for fungi in order to achieve Minimal Microbicidal Concentration (MMC), Minimal Fungicidal Concentration (MFC) and Minimal Algaecidal Concentration (MAC). The lowest concentrations that yielded no growth after this sub-culturing were taken as the MMC, MFC and MAC. Standard antibiotics (Ampicillin, Imipenem and Cephoperazone) were used to control the sensitivity of the tested bacteria, whereas Fluconazole and Amphotericin B were used as control against the tested fungi and the algae. The results were expressed as the mean ± s.d. of at least three independent experiments. SC 50 was calculated from the concentration/ effect linear regression lines.
results and discussion
Large differences could be seem among the crude extract and fractions antimicrobial activities and also among the microorganisms susceptibility ( Table 1 ). The fungi S. cerevisiae was the most vulnerable with a susceptible index (BSI) equal to 100%, showing sensibility for the dichlorometane, ethyl acetate and principally, to butanolic fraction. This result is in agreement with the antifungal activity of some isolated products from other Buddleja species reported in literature. 4 S. aureus (BSI=75%) was to some extent susceptible to dichloromethane and ethyl acetate fractions whereas not as much to butanolic fraction. Avila et al. 3 identified the phenylethanoid verbascoside in Buddleja cordata, as an antimicrobial agent against S. aureus. Verbascoside was also identified in B. parviflora by Arciniegas et al. 3 and in B. globosa by Pardo et al.. 10 Various antimicrobial activities have been noted for verbascoside 3, 10 although the results are controversial. 11 The presence of phenylethanoids in B. thyrsoides in our study was inferred by the UV spectra of ethyl acetate and butanolic fractions (both fractions dissolved in MeOH) that showed absorption maxima at ca 220, 280 and 330 nm, the characteristic pattern of phenylethanoids derivatives. 12 Identification of verbascoside was performed by direct comparison with authentic sample of this compound by TLC. It is probable that this compound contribute to the antimicrobial action showed in ethyl acetate and butanolic fractions, mainly in the ethyl acetate fraction. Concerning the dichloromethane fraction, other variety of compounds must be responsible for the antimicrobial activity observed. All tested samples were ineffective against Candida albicans (BSI=0), whereas the ethyl acetate fraction showed a weak antifungal activity (MIC and MFC at 1000 μg mL -1 ) against C. glabrata (BSI= 50%). Concerning the Gram-negative bacteria, E. coli (BSI= 0) was resistant to all tested samples, while against P. aeruginosa (BSI=50%), dichloromethane and ethyl acetate fractions showed a weak activity only at the highest concentration tested. These results were to some extent expected, because beside the efflux pumps, Gram-negative bacteria presents some other characteristic particularities in their outer membrane like the polysaccharides that contributes to cell surface properties, such as membrane permeability and antibiotic susceptibility. 13 Only ethyl acetate fraction showed a weak action against Prototheca zopfii (BSI= 25%) but at 2000 μg mL -1 . This pathogen is difficult to eradicate, there is no standard treatment protocol and this algae may exhibit importance in immunocompromised patients, i.e. AIDS, cancer or patients under immunossupressive therapy.
14 To our knowledge, this is the first assay involving this plant and the algae Prototheca zopfii.
Percentual activity and total antimicrobial activity are very useful tools which may help to choose the better plant, extract or fraction to be study in deep. Percentual activity followed the subsequently decreasing order: dichloromethane and ethyl acetate fractions (62.5%), crude extract and butanolic fraction (25%). Total antimicrobial activity (TAA) indicate the largest volume to which biologically active compounds in 1 g of plant material can be diluted and still inhibits the growth of bacteria. 9 Butanolic fraction showed TAA of 848 mL g -1 against S. cerevisae, indicative that the inhibitory compounds of this fraction could be diluted in 848 mL of solvent and even provoke the inhibition of this fungus. In the same line, dichloromethane fraction exhibit TAA of 249 mL g -1 , and ethyl acetate showed TAA of 120 mL g -1 against S. cerevisae. In respect to S. aureus, the highest TAA were obtained from dichloromethane (TAA= 124.4 mL g -1 ) and ethyl acetate (TAA= 62.2 mL g -1 ) fractions. Partition between immiscible solvents is an adequate approach for the preliminary separation of complex plant matrices because this procedure permits discrimination between polar and non-polar fractions activities. The importance of a preliminary fractionation could be clearly seeing in the case of S. cerevisae, S. aureus, B. subtilis and C. glabrata, through the comparison between crude extract and fractionated extract activities against these microrganisms (Table  1) . It is mainly probable that the low concentration of the active(s) compounds may prejudice their activity detection in crude extracts. In this study, dichlorometane and ethyl acetate fractions were found to be more effective than the crude extract and butanolic fraction against all the microrganisms tested, however, butanolic fraction demonstrated the highest antifungal activity.
The free radical scavenging capacity of the crude extract and fractions was assessed by the decolouration of the ethanolic solution of DPPH. In the presence of an active radical scavenger, the absorption vanishes and the resulting decolourization is stoichiometric at a selected range with respect to the degree of reduction. Ethanolic solutions of DPPH served as control and three calibration curves made with L-ascorbic acid, gallic acid and rutin were used to compare the activities, as positive controls, since those standards antioxidant . The SC 50 value for gallic acid wasn't calculated by linear regression because the inhibition presented for all the concentrations used in the curve were above 92%. Thus, SC 50 for gallic acid was estimated by rule of three in 4.24 ± 0.02 μg mL -1 . Ethyl acetate fraction exhibit SC 50 =137.70 ± 8.5 μg mL -1 (y = 0.2947x + 9.5557, r = 0.994) and SC= 81.43%, the dichloromethane fraction showed SC 50 = 146.89 ± 9.0 μg mL -1 (y = 0.2982x + 6.3122, r=0.991) and SC = 79.26%, the butanolic fraction revealed SC 50 = 165.71 ± 3.2 μg mL -1 (y = 0.283x + 3.1087, r =0.992) with SC=74.03%, and crude extract SC 50 = 186.04 ± 10.8 μg mL -1 (y=0.2343+6.5057 r = 0.938) and SC < 60% at 250 μg mL -1 , all in a dose-dependent manner. The better antioxidant activity exhibited by ethyl acetate fraction may be due for the high presence of phenolic compounds in this fraction. Similar findings were related by Silva et al., 15 analyzing different fractions of Sida galheirensis. Total polyphenol contents were determined by the Folin-Ciocalteau method using pyrogallic acid as standard. The equation obtained for standard curve of pyrogallic acid in the range of 0.005 -0.030 mg mL -1 was y = 34.443x -0.0942 (r = 0.994).Total polyphenol contents expressed as pyrogallic acid equivalents varied from 214.07 ± 3.6 to 438.4 ± 0.3 mg g -1 dry fraction (Table 2 ). Polyphenol contents were higher in the ethyl acetate and dichloromethane fractions, followed by butanolic fraction and crude extract. Many researches describe a positive correlation between phenolic contents and antioxidant activity 7, 16 with DPPH and Folin-Ciocalteau as analytical methods. In the present study, looking at the possibly correlations between the amount of phenolic compounds of the extract and fractions and the antioxidant activities of these samples, a positive correlation could be established (r= 0.857, p<0.01). Therefore, ethyl acetate and dichloromethane fractions, that furnish the highest phenolic content, were the same fractions that exhibited better scavenger activity in the DPPH assay and butanolic and crude extract fractions that afforded the lowest phenolic contents showed also the smaller scavenging activity.
The present study clearly demonstrated, for the first time, B. thyrsoides has a biological activity as a free radicals scavenger by the DPPH method and confirmed the existence of a positive correlation with its phenolic contents. Ethyl acetate and dichloromethane fractions from B. thyrsoides were the most effective agents for scavenging free radicals in the DPPH method and presented highest phenolic contents. As pointed out before, 3 the antioxidant and antimicrobial activities in B. thyrsoides may in part be due to the presence of phenylethanoids which were support by UV measurements. 12 A clear antimicrobial activity was evidenced when the highest polar butanolic fraction was added to S. cerevisae cultures, and when the less polar fraction dichloromethane was tested against S. aureus. Because lethality may be the end result of a variety of toxic mechanisms, a battery of in vitro tests with different endpoints will be more predictive than was the single assays presently obtained, since they were restricted to in vitro acute lethality tests. Especially due to the fact that assays were carried out with crude extract and partitions, a wide variety of compounds with different mechanisms of action were present must be purified and tested at different combinations.
It may be concluded B. thyrsoides biological activities is due to a wide variety of compounds with different mechanisms of action, warranting a further purification and characterization of the actives principles from the dichloromethane, ethyl acetate and butanolic fractions. Certainly it will provide a better understanding of B. thyrsoides antimicrobial and antioxidant mechanisms. 
